Difference between even and odd 11-year cycles in cosmic ray intensity by Perez-Enriquez, R. et al.
493
SH 4.2-22
DIFFERENCE BETWEEN EVEr PND ODD ll-YEAR
CYCLES IN COSYlC RAY INTENSITY
J.A. Otaola, R. P_rez-Enr_Quez and J.F. Vald6s-Gallcia
f*
Instltuto de Geof_slca, UNAM, Mexico 04510, D.F.
ABSTRACT
Cosmic ray data for the period 1946-1984 are used
to determine the run of the cosmic ray intensity
over three complete solar cycles. The analysis
shows a tendency towards a regular alternation of
cosmic ray intensity cycles with double and single
maxima. Whereas a saddle-like shape is characteristic
of even cycles, odd cycles are characterized by a
peak-like shape. The importance of this behaviour
is discussed in terms of different processes
influencing cosmic ray transport in the heliosphere.
i. Introduction. The anomalous behaviour of the cosmic ray
intensity after the 1968 solar maximum in the 20th solar
cycle has been described by several authors. This was
characterized by the softenning of the spectra (Evenson et
al., 1983), the sudden recovery of the intensity (Kuzmin
et al., 1977), a poor correlation of the cosmic ray intensity
with solar activity (Akopian et al., (1981) and the sudden
appearance of anomalous components in the cosmic rays
(Garc_a Mufioz et al., 1981; McDonald et al., 1981).
The purpose of this study is to show that the
1946-1957 ll-year cycle in cosmic ray intensity also presents
this characteristic behaviour and that this seems to be the
result of a similar behaviour in solar activity during even
sunspot cycles. A possible physical internretation to this
phenomenon is given in terms of different contributions of
drift, convection and diffusion to the whole modulation
process.
2. Data. The basic data used in the present study are the
monthly values of the cosmic ray intensity and the smoothed
sunspot fiumbers over the period 1946-1984, thus covering
three complete ll-yr cosmic ray intensity cycles. As the
cosmic ray data are derived from the ion chamber at Huancayo
(1946-1957) and the neutron monitor at Deep River (1958- 1984),
and they represent two different kinds of data, we integrated
them following the method described by Nagashima and
_iorishita (1980) which, from the point of view of long term
modulation, is permissible as a first approximation.
In Figs. la. and lb. the smoothed sunspot number and
the integrated cosmic ray intensity over the period 1946-1984
are shown. The cosmic ray intensity is expressed in percent
decrease with respect to the maximum intensity level
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established zn May, 1965. The cosmzc ray Intenszty, on
the other hand, was smoothed using an ultra lowpass filter
which essentzally gives the trend of the input function and
effectzvely removes the rapid fluctuations (Behannon and
Ness, 1966). The smoothed intensity is shown as the dashed
curve in Fig. lb.
In these curves the hatched regions represent the
times of reserval of the solar magnetic field and the
notation Mf¢_ and _1+_ indicates the magnetic moment parallel
and antl-parallel to the angular veloclty axls of rotatlon
of the Sun, respectively.
Fig. i. a) Zurlch sunsoot number, b) Integrated cosmlc
ray intensity (solid line) and smoothed curve (dashed
line), c) Time lag of lntenslty behind sunspot number
for II years from t-10 years to t.
3. Results and Discussion. From the smoothed curve of cosmic
ray intensity shown in"Fig, ib, one can see that the shape
of the _ff_ cycles differs systematically and markedly from
the shape of the _t_ cycle. Whereas the shape of the _$_
cycle in characterized by a simple and relatively smooth
increase to the maximum (_ 7.5 yr), the _¢1_ cycles, on the
average, are characterized by a two maxzma structure in
which the first maxima is reached relatlvely rapid after the
previous mlnlmum in the cosmlc ray intensity (_ 3-4 yr) and
the sedond, the main and also more developed, tends to occur
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at the same time in the cycle that the maxlmum of the _¢_
cycle.
_t cyclesThls dlfferent behavlour between _,t¢_ and _
is also shown in the tlme lag T of cosmlc ray intensity
behlnd solar activity, as measured by the smoothed sunspot
number. This 22-yr variation in the tlme lag, already
found by Nagashlma and Morlshlta (1980), in which _ is
greater in _ cycles than in _i t_ cycles_ as can be seen
in Fig. ic, clearly shows that particles reach the Earth
more easely when their access route is by the hellosmherlc
polar regions than when they gain access alon_ the current
sheet (Kota and Joklpp11, 1982), In thls case as the route
of access becomes longer due to the waviness of the neutral
sheet the tlme lag _ is also longer as one would expect
from theoretical considerations.
However, what thls model does not explain is the
two maxima structure during the _1_ cycles. Thls behavlour
is, in fact, also present _n solar (Dodson and Hedeman,1975)
and in geomagnetlc activity as measured by the aa-lndex
(Halenka, 1983). Accordlng to the Dodson and Hedeman's
results the solar actlvlty during even sunspot cycles are
characterlzed by two well deflned "stlllstands" in the
level of actlvlty during the decllnlng phases of such cycles,
On the other hand, Helenka shows that the aa-lndex during
even solar cycles also presents this character1_tlc whlle
the odd cycles do not.
Therefore, the results shown here clearly
establl_h a marked distinction between even and odd solar
activity cycle_ which in turn are reflected both In
geomagnetic actlvlty and cosmic ray intenslty.
4. Conclusions. The results presented above _o_nt out
towards a modulation mechanlsm_ during even cycles,where
convection plays a more important role than during odd
cycles, where d_fusslon dominates, while the effect of
drifts only determines how the particles gain access to
the observation point. That is, charge dependent effects
are not the dominant processes in cosmic ray modulation.
References
i. Akopzan, S. K. et al. (1981), 17th ICRC, Par{s, 3,
227.
2. Behannon, K. W. and N. F. Ness (1966). Nasa T N D-3341.
3. Dodson, H. W. and E. R. Hedeman (1975). Solar Phys.,
42, 121.
4. Evenson, P. et al. (1983). 18th ICRC. Bangalore, 3, 27.
95 
 .2-22 
-+ -+ t t e sa e t1 e 1n t e c cle t at t e aX1 um f t  Mt~n 
cycle. 
h1s 1 ferent ehavIour et en Mtt~ d Mt~~ cles 
1S l  s n 1  t  t1 e l  L f c s IC r  I tensity 
behInd s lar actiVIty, as easured by t e s oothed s nspot 
u ber. h1s 2-yr ar1atlon I  t  tI e l , lr dy 
found by agashl a and ~orlshlta (1980), In WhICh L IS 
greater In At~a cycles than In ~t t~ cycles, as can be seen 
In FIg. lc, clearly shows that particles reach the Earth 
ore easely ~hen t eIr access route IS by the ell soherlc 
polar regIons than when they gain access along the current 
s eet ( ota and JOkl pll, 1982). In thIS case as t e r te 
of access beco es l ger due t  the aVIness f t e eutral 
s eet t e t1 e la  L 1S als  l er a~ one ould e perr 
 oretIcal slderatlon~. 
owever, hat t IS odel es t plaIn IS t  
t o aXIma str cture dur1ng the Mttn c cles. hIS behaVIour 
1S, 1n fact, al~o present In solar (Dodson and edeman,1975) 
and In geo agnetIc actIVIty a~ easured by the aa-lndex 
( alenka, 1983). ccordIng to the Dod~on and edeman's 
r sults t e s lar tIVIty rI g e e  s spot cles r  
c aracterIzed by t o ell defIned "stIllst ds" i  t e 
level of actIVIty durIng the declInIng phases of such cycles, 
n t e t er hand, elenka sho s t at t e aa-l ex during 
even solar cycles also presents thIS characterl~tIc hIle 
the odd cycles do not. 
herefore, the res lts sho n here clearly 
11~h  arked i ti ction een    l r 
act1VIty cycles wh1ch 1n turn are reflected both In 
geo agnetic actIVIty and cos IC ray IntenSIty. 
. onclUSIons.  ults r sented e OOInt t 
to ards a odulation echanIsm, durIng even cycles, here 
convectIon plays a more I portant role than durIng odd 
cycles, where dlfusslon do inates, hIle the effect of 
r1fts l  eter Ines ho  the art1cles ga1n access t  
the observatIon pOInt. That IS, charge dependent effects 
are not the do Inant processes In cos ic ray odulatIon. 
eferences 
1. Akop1an, S. K. et a1. (1981), 17th ICRC, Paris, i, 
. 
2. ehannon, K. . and N. F. Ne~s (1966). asa T  -334l. 
3. odson, . . and E. R. ede an (1975). Solar Phys., 
~, 121. 
4. Evenson, P. et a1. (1983). 18th ICRC. anga1ore, i, 27. 
496
SH 4.2-22
5. Garc_a MuNoz, F_. et al. (1981). 17th ICRC, Par_s, 3,
270.
6. Halenka, J. (1983). Studla geoph, et geod., 27, 46.
7. Kota, J. and J. Jokipil (1982). Astrophys. J., 265, 573.
8. Kuzmln, A. I. et al. (1977). 15th ICRC, Plovdlv, 3, 150.
9. McDonald, F. B. et al. (1981). 17th ICRC, Par{s, 3, 263.
i0. Nagashima, K. and I. Morlshita (1980), Planet. Space
Sci., 28, 195.
96 
 .2-22 
5. arcIa Iviunoz, ~~. et a1. (1981). 17th Ie e, ParIs, l, 
0. 
6. Ha1enka, J. (1983). Studla geoph. et geod., r!...., 46. 
7. ota, J. and J. J kipil ( 82). strophys. ., 265, 573. 
. uzl111n, . 1. t l. ( 7). t  Ie e, 1ovdlv, l  . 
9. cDonald, F. B. et al. (1981). 17th Ie e, arls, l, 263. 
10. agashima, . and I. orlshita (1980), lanet. Space 
Sc i ., ~, . 
